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Mark all possible spectrum resources as potentially
310 available.

Perform a sensing and SCI| decoding process and,
320 based on the results of the sensing and SCI
decoding, determine spectrum resources to exclude
from the potentially available resources.

330 Measure the total recelved power of the remaining
spectral resources. Select, based on the total
recelved power measurements, a final subset of the
spectral resources.
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510

Store power thresholds for use In
selecting spectral resources; a

minimum number of required
candidate resources (M), and a
delta (A) value.

520

Exclude resources from the set of
all possible resources by

comparing measured signal power
values to the power thresholds.

540 o
Amount of remaining
resources less than M7
Change the received

No
Proceed to final resource
selection procedure.
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610

Obtain a priority value of a detected

transmitter that 1s using a particular
resource.

620

Select a power threshold to use, for
resource selection, based on a
function of both the priority of the
detected transmitter and a priority
of the UE.

630
Exclude resources from the set of

all possible resources by
comparing the measured signal
power value to the selected power
threshold.
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710
Obtain energy measurements for
the resources.
720
Rank the resources based on the
obtained energy measurements.
730
Select a particular number of the
top resources from the list to form a
final subset of potential resources.
740

Randomly select, from the final
subset, resources to use for
transmission.
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OPTIMIZED RESOURCE SELECTION
PROCEDURES IN VEHICLE-TO-VEHICLE
COMMUNICATIONS

RELATED APPLICATIONS

This application 1s a National Phase entry application of
International Patent Application No. PCT/US2017/030274
filed Apr. 28, 20177, which claims priority to U.S. Provisional
Patent Application No. 62/374,198, which was filed on Aug.
12, 2016, and 1s hereby incorporated by reference in 1ts
entirety.

BACKGROUND

Vehicle-to-everything (V2X) and Vehicle-to-vehicle
(V2V) communications are automobile technologies
designed to allow automobiles to communicate with each
other and with other devices (e.g., pedestrian smartphones
and traflic lights). These technologies have the potential to
redefine transportation by providing real-time, highly reli-
able, and actionable information flows to enable safety,
mobility and environmental applications. Additionally, these
techniques may pave the way to connected and automated
driving (CAD).

Devices participating in a V2V system may need to
acquire appropriate resources, such as frequency resources,
to communicate with one another. Resource selection can
potentially be performed with assistance from a cellular base
station or autonomously (e.g., without assistance from a
base station). Autonomous mode operation may be neces-
sary as cellular network coverage cannot be guaranteed for
all geographic locations through which vehicles may travel.
Thus, the ability for vehicles (or other devices) to autono-
mously implement, 1n an ad-hoc manner, resource selection
(c.g., to appropriately distribute frequency resources to
devices 1n a particular area) can be critical to successiul
deployment of V2V technologies.

BRIEF DESCRIPTION OF THE

DRAWINGS

Embodiments described herein will be readily understood
by the following detailed description 1n conjunction with the
accompanying drawings. To facilitate this description, like
reference numerals may designate like structural elements.
Embodiments are 1llustrated by way of example and not by
way ol limitation 1n the figures of the accompanying draw-
ngs.

FIG. 1 1s a diagram of an example system in which
systems and/or methods described herein may be imple-
mented;

FIG. 2 1s a diagram of an example of core network;

FIG. 3 1s a flowchart of an example process relating to
resource selection for UEs when operating 1n an autonomous
resource selection mode:;

FIG. 4 1s a timing diagram 1illustrating timing relation-
ships for Frequency Division Multiplexing (FDM) resource
reselection;

FIG. 5 1s a flowchart 1llustrating an example process for
excluding resources;

FIG. 6 1s a flowchart 1llustrating an example process for
performing priority based resource selection;

FIG. 7 1s a flowchart 1llustrating an example process for
selecting resources to use for transmission;

FIG. 8 1s a diagram 1llustrating an example of the impact
of different transmission periodicities, associated with dif-
terent UEs, on the transmission of a particular UE;
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2

FIG. 9 illustrates, for one embodiment, example compo-
nents of an electronic device; and

FIG. 10 1s a block diagram illustrating components,
according to some example embodiments, able to read
instructions from a machine-readable or computer-readable
medium (e.g., a machine-readable storage medium) and

perform any one or more of the methodologies discussed
herein.

DETAILED DESCRIPTION OF PR
EMBODIMENTS

s
Y

ERRED

The following detailed description refers to the accom-
panying drawings. The same reference numbers 1n different
drawings may 1dentily the same or similar elements. It 1s to
be understood that other embodiments may be utilized and
structural or logical changes may be made without departing
from the scope of the present disclosure. Therefore, the
following detailed description 1s not to be taken 1n a limiting
sense, and the scope of embodiments 1s defined by the
appended claims and their equivalents.

Techniques described herein relate to selection of fre-
quency resources, by User Equipment (UE), for autonomous
mode operation of UEs. As described heremn, in some
implementations, a UE, in a sensing window, may make
measurements relating to power transmitted by other UEs
and receive sidelink control information (SCI) transmitted
by the other UEs. Based on these measurements, the UE may
selectively exclude spectrum resources, from the set of
possible resources, to obtain a final set of resources from
which the UE may select resources to use for transmitting.

In some implementations, the exclusion of the resources
may be based on an iterative operation in which a power
threshold value 1s incrementally modified until a candidate
number of resources are available. Additionally, in some
implementations, UE priority assignments may be used to
obtain the power threshold value for a particular UE.

FIG. 1 1s a diagram of an example system 100 1in which
systems and/or methods described herein may be imple-
mented. As shown, system 100 may include a telecommu-
nication network that includes a Radio Access Network
(RAN) 120 that 1s connected to a Core Network (CN) 130.
RAN 120 and CN 130 may provide network connectivity to
UEs 110. RAN 120 may include, for example, one or more
3rd Generation Partnership Project (3GPP) base stations

125, such Long Term Evolution (LTE) evolved NodeBs
(eNBS) and/or one or more 3GPP 5”Generation (5G) eNBs.
Base stations 125 may be generically referred to as eNBs
125 herein. 3G radio resources may sometimes be referred
to as 5G New Radio Access Technology (5G NR) resources.
Additionally, 3G Device-to-Device (D2D) communications,
as described herein, may include UEs communicating
directly with one another (e.g., via a D2D connection) using
5G NR resources. When UEs 110 are vehicles, the D2D
connections may include V2V connections. Although V2V
connections will generally be described herein, the
described techniques may be equally applicable to V2X
connections.

In some implementations, CN 130 may include multiple
CNs, such as a 4G CN (e.g., an Evolved Packet Core (EPC)),
a 5G CN (e.g., a CN capable of supporting 5G technologies),
an Internet-of-Things (IoT) CN (e.g., a CN dedicated to
supporting IoT devices), etc. In some 1mplementations,
telecommunication network 100 may include a single CN
that 1s capable of supporting 4G, 5G, and IoT services. A
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detailed example of the functions and devices that may be
included in CN 130 1s described below with reference to
FIG. 2.

UEs 110 may each include a portable computing and
communication device, such as a personal digital assistant
(PDA), a smartphone, a cellular phone, a laptop computer
with connectivity to the wireless telecommunications net-
work, a tablet computer, etc. UE 110 may also include a
computing and communication device that may be worn by
a user (also referred to as a wearable device) such as a watch,
a fitness band, a necklace, glasses, an eyeglass, a ring, a bellt,
a headset, or another type of wearable device. As particu-
larly described herein, UE 110 may include a vehicle or a
device 1nstalled 1n a vehicle.

As shown in FIG. 1, UEs may communicate directly with
one another to implement V2V communications. In some
situations, UEs 110 may discover and directly communicate
with one another using V2V connections that do not rely on
RANSs 120. In this situation, UEs 110 may use 4G resources
and/or 3G NR resources to establish a connection with other
UEs 110 (e.g., 1n an autonomous mode V2V system).

e¢NBs 1235 may include one or more network devices that
receive, processes, and/or transmit traflic destined for and/or
received from UE 110 via an air (radio) interface. eNBs 125
may function as an mtermediary for information communi-
cated between eNBs 125 and CNs 130. eNBs 125 may
implement, for example, 4G or 535G technologies for con-
necting and providing services to UEs 110. Such connec-
tions may utilize 4G or 5G radio resources as defined by the
3GPP Communications Standards.

FIG. 2 1s a diagram of an example of CN 130. CN 130
may 1nclude an Evolved Packet Core (EPC) that includes
Serving Gateway (SGW) 210, Packet Data Network (PDN)
Gateway (PGW) 220, Mobility Management Entity (MME)
230, and Home Subscriber Server (HSS) 240.

SGW 210 may aggregate traflic received from one or
more e¢NBs and may send the aggregated traflic to an
external network or device via PGW 220. Additionally,
SGW 210 may aggregate tratlic recerved from one or more
PGWs 220 and may send the aggregated traflic to one or
more eNBs 125. SGW 210 may operate as an anchor for the
user plane during inter-eNB handovers and as an anchor for
mobility between different telecommunication networks.

PGW 220 may include one or more network devices that
may aggregate traflic recerved from one or more SGWs 210,
and may send the aggregated traflic to an external network.
PGW 220 may also, or alternatively, receive traflic from the
external network and may send the traflic toward UE 110
(via SGW 140 and/or eNBs 125).

MME 230 may include one or more computation and
communication devices that act as a control node for eNBs
125, and/or other devices that provide the air interface for
the wireless telecommunications network. For example,
MME 230 may perform operations to register UEs 110 with
the wireless telecommunications network, to establish
bearer channels (e.g., traflic tflows) associated with a session
with UE 110, to hand off UE 110 to a different eNB, MMFE,
or another network, and/or to perform other operations.
MME 230 may perform policing operations on trailic des-
tined for and/or recerved from UE 110.

HSS 240 may include one or more devices that may
manage, update, and/or store, 1n a memory associated with
HSS 240, profile information associated with a subscriber
(e.g., a subscriber associated with UE 110). The profile
information may identify applications and/or services (e.g.,
D2D services) that are permitted for and/or accessible by the
subscriber; a Mobile Directory Number (MDN) associated
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4

with the subscriber; bandwidth or data rate thresholds asso-
ciated with the applications and/or services; and/or other
information. The subscriber may be associated with UE 110.
Additionally, or alternatively, HSS 240 may perform authen-
tication, authorization, and/or accounting operations associ-
ated with the subscriber and/or a communication session
with UE 110.

The quantity of devices and/or networks, illustrated 1n
FIGS. 1 and 2, 1s provided for explanatory purposes only. In
practice, there may be additional devices and/or networks;
fewer devices and/or networks; difterent devices and/or
networks; or diflerently arranged devices and/or networks
than illustrated 1n FIGS. 1 and 2. Alternatively, or addition-
ally, one or more of the devices of FIGS. 1 and 2 may
perform one or more functions described as being performed
by another one or more of the devices of FIGS. 1 and 2.
Furthermore, while “direct” connections are shown in FIGS.
1 and 2, these connections should be interpreted as logical
communication pathways, and in practice, one or more
intervening devices (e.g., routers, gateways, modems,
switches, hubs, etc.) may be present.

FIG. 3 1s a flowchart of an example process 300 relating
to resource selection for UEs 110 when operating in autono-
mous V2V resource selection mode. The term “resource
selection,” as used herein, may refer to the selection of
particular frequency channels or blocks, out of an available
frequency spectrum, for communication. Process 300 1llus-
trates, at a high level, a multi-step sensing based resource
selection procedure for useable frequency resources for UE
110. Process 300 may be performed by UE 110.

Process 300 may include mitially marking all spectrum
resources as potentially available (block 310). UE 110 may
be preconfigured to or provisioned to use certain spectral
resources for V2V communications. For example, for V2V
communications, UE 110 may use high frequency radio
communications (e.g., near 5.9 GHz) with 10 Mhz channel
bandwidths. The marking of all spectrum resources as
potentially available may include creating a set or other data
structure that includes, as members of the set, all of the
spectrum resources that were preconfigured or provisioned,
for the UE, as available for V2V communications.

Process 300 may further include performing a sensing and
Sidelink Control Information (SCI) decoding process and,
based on the results of the sensing and SCI decoding,
determine spectrum resources to exclude from the poten-
tially available resources (block 320). The SCI may include
control information transmitted by other UEs 110. The
sensing may include measuring power and/or energy levels
that are received in each of the resources 1n the set of all
possible spectrum resources. For example, transmitter spe-
cific Reference Signal Recerved Power (RSRP) measure-
ments may be measured to determine certain spectrum
resources that should be excluded from the previously
determined set of potential spectrum resources (block 320).
The set of spectrum resources determined 1n block 310 may
thus be reduced.

In one implementation, excluding resources from the set
of all possible resources may include comparing the RSRP
measurements to thresholds to determine which spectrum
resources are not being used. These spectrum resources can
thus be excluded from the set possible spectrum resources.

Process 300 may further include measuring the total
received power of the remaining spectral resources (block
330). Based on the measurements, a final subset of the
spectral resources may be selected for potential use for
transmission by the UE (block 330). For instance, the
remaining resources may be ranked by received energy
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levels, 1n ascending order, and a final subset of the resources
selected from the top of the ranking.

FIG. 4 1s a ttming diagram 1illustrating timing relation-
ships for V2V Frequency Division Multiplexing (FDM)
resource selection (also called reselection herein). A number
of terms relating to resource selection will be described with
reference to FIG. 4.

As shown 1n FIG. 4, a “sensing window” may be defined
as a time interval 1n which UE 110 may monitor SClIs
(received from other UEs) and perform measurements, such
as received power related measurements. A number of
“transmission windows” are also 1illustrated (as “PSCCH+
PSSCH TXW?”). Within a transmission window, a UE may
perform resource selection for the transmission of an SCI or
a transport block (TB), and transmit the Physical Sidelink
Control Channel (PSCCH) and Physical Sidelink Shared
Channel (PSSCH) for a given 'TB. In some implementations,
the PSCCH and PSSCH may be transmitted in separate
windows, which may be time-aligned or consecutive 1n time.

A transmission window period parameter may be associ-
ated with the transmission window. This parameter may
indicate periodicity of the transmission window within a
semi-persistent resource allocation window for a given
semi-persistent scheduling (SPS) process. The transmission
window period may be aligned with the periodicity of a TB
transmission within a given SPS process. Additionally, as
shown 1n FIG. 4, the period for the SPS resource allocation
window may represent the time interval for a particular SPS
process, which may cover multiple transmission windows.

A number of timing relationships are also 1illustrated 1n
FIG. 4. The timing relationships, as shown, correspond to
timing relationships for the case of PSCCH and PSSCH
transmission in the same subirame. The timing relationships
include:

n—time instance of the resource reselection trigger;

((n—a); n—-b)—sensing window used for resource reselec-

tion corresponding to the trigger at time 1nstance n;

(n+c)—time instance of SCI (PSCCH) transmission when

resource reselection was triggered;

(n+d)—time 1nstance of data (PSSCH) transmission after

resource selection; and

(n+¢)—time 1nstance(s) of data (PSSCH) transmission for

other TB(s) e=[el, €2, €3, . . . ].

As discussed above, 1n block 320 (FIG. 3), an mitial set
of potential spectrum resources 1s reduced to exclude spec-
trum resources that are occupied by other transmitters. For
example, 1n the sensing window, decoding of the SCI may
be performed to determine information about nearby trans-
mitters, such as a priority associated with the transmuitter.
Additionally, 1n the sensing window, power measurements,
such as the transmitter specific RSRP measurements, may be
determined. If the measured power of a particular resource
1s greater than a threshold, this resource may be excluded
from the set of potential spectrum resources. In this manner,
collisions can be avoided.

In particular, the following mnformation can be collected
from SCI processing within the sensing window: priority of
detected transmissions, an 1indication of the occupied
PSCCH and PSSCH resources, and transmitter specific
measurements relating to the transmait power for the recerved
PSCCH and PSSCH transmissions. Based on this informa-
tion, certain resources may be excluded. In one implemen-
tation, one class of resources to be excluded may be
resources occupied by other UEs in which the recerved
power contribution i1s above a threshold value. The threshold
values may be priority specific. For mstance, each transmit-
ter may be associated with a priority level, which may be
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decoded during the sensing window. Certain priority specific
thresholds may be encoded as non-numeric values. For
example, +inf may mean that resources occupied by UEs
with high prionty transmissions should never be used.
Conversely, the priority specific threshold setting —inf may
mean that all resources corresponding to the prionty level
can be used for resource selection.

A second class of resources that may be excluded may be
resources that are restricted for resource selection based on
vehicle geo-location information (geo-based transmission)
and fall into the PSSCH transmission window(s).

FIG. § 1s a flowchart illustrating an example process 500
for excluding resources. In process 500, the resources may
be excluded i such that the UE may be guaranteed the
opportunity to obtain resources for transmitting. Process 500
may be implemented by UE 120. Process 500 may corre-
spond to an implementation of block 320 (FIG. 3).

Process 500 may include storing power threshold values,

a value corresponding to a minimum number of required
candidate resources (M_ ), and a delta value (block 510). In
one implementation, the values may be configured by tele-
communications network 100. Alternatively or additionally,
the values may be preconfigured in UE 110, such as during
manufacture of UE 110 or during initial provisioning of UE
110.

As previously mentioned, the power threshold values may
correspond to a RSRP threshold level at which the signal
power produced by other transmitters 1n the vicinity of UE
110 may indicate that the spectrum resource being used by
the other transmitters should be considered to be occupied.
Measured power values above the threshold may generally
indicate that the corresponding resources are occupied.
Different power threshold values may be maintained for
different priorities. For example, a first transmitter in the
vicinity of the UE (e.g., a transmitter associated with a first
vehicle) may be associated with a different priority, and thus
a different power threshold value, then a second transmutter,
associated with a second vehicle. M . may be a parameter
that indicates the minimum amount of resources that are
needed by the UE. For example, a value of M of three may
indicate that at least three spectrum resource blocks need to
be selected. The delta value may describe an amount to
potentially increment a power threshold value 1f too many
resources are excluded from the set of possible resources.

Process 500 may further include excluding resources,
from the set of all possible resources, by comparing the
measured signal power values to the power thresholds
(block 520). As discussed previously, 1f the measured signal
power value, for a particular spectrum resource, 1s above the
threshold value, the spectrum resource may be considered to
be occupied and may thus be excluded from the set of
possible resources. As previously mentioned, the compari-
son may be made on a priority basis, in which the spectrum
resources associated with different transmitters may be
performed using different threshold values.

Process 500 may further include determining whether the
amount of remaining resources 1s less than M (block 530).
If so (block 530—Yes), than 1nsuflicient resources are avail-
able for the UE, and the power threshold value may be
incremented by delta (block 540) and the operations of block
520 may be repeated (block 520). If not (block 530—No),
then suflicient resources are available for the UE, and a final
resource selection procedure may be performed (block 550).
The final resource selection procedure may correspond to
block 330 in FIG. 3. In this manner, the exclusion of the
resources irom the mitial set of possible resources may be
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iteratively performed, with different threshold values, until
an acceptable amount of resources are i1dentified.

A number of alternatives are possible to the operations
shown 1 FIG. 5. For example, UE 110 may select the
mimmum amount of candidate resources based on a ranking,
procedure of the mitial set of resources. For instance, the UE
may rank the initial set of resources based on one or more
factors, and then select the top M_, resources from the
ranking. As another alternative, UE 110 may drop packet
transmissions and postpone resource reselection to a later
time, such as based on a predetermined delay time

(“Tme;eeﬂm_dmy”). The particular mechanism for dropping
of the packets may be controlled by upper layers (e.g.,
application level layers) of UE 110. As another alternative,
UE 110 may randomly select resources for transmission. The
random selection may be performed from the set of potential
resources in which the corresponding priority of the resource
corresponds to the priority of the UE.

As discussed previously, priority information associated
with UEs, or with particular resources used by the UEs, may
be used to select diflerent power thresholds. In this manner,
different levels of radio link quality may be implemented for
different priorities. The priority information may be used as
part of resource selection or reselection. For istance, 1t may
be desirable to implement higher priority transmissions
using resources that provide better radio transmission range,
interference protection, and prioritized access to the
medium.

The conditions for resource selection may be different for
different priority levels and may be configured by higher
layer (e.g., application layer) processes. As an exceptional

Uk

reselecting

Tesouree

case, 1t may be desirable to access the medium without
regard to the resource selection conditions that are pre-
configured for a priority level. For example, 1n a vehicle
crash situation, immediate access to spectrum resources may
be desirable.

A number of principles may generally be taken into
account when performing priority-based resource selection.
These include: (1) a priority specific set of candidate
resources may be constructed based on priority specific
preconfigured conditions; (2) the prionity specific condi-
tions, such as the priority of the UE, may be configured by
higher layers, such as the application layer; (3) resource
selection from the priority specific candidate resource set
may be randomized; and (4) detection of resource collision
with higher priority transmission may not trigger immediate
resource reselection, however, the collision 1s taken into
account when the next resource reselection 1s triggered.

FIG. 6 1s a flowchart illustrating an example process 600
for performing priority-based resource selection. Process

600 may be implemented by UE 120.
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Process 600 may include obtaining a priority value of a
transmuitter that 1s using a particular resource (block 610). As
previously mentioned, UE 110 may obtain, during the sens-
ing window, priority values of other UEs that are transmiut-
ting on V2V frequency resources. The term “transmitter,” as
used herein, may refer to a UE or to a particular transmaitting
clement of a UE (e.g., a single UE may include multiple
transmitters). In some implementations, the priority values
may be determined for each detected SPS process that 1s
detected for other UFEs.

Process 600 may further include selecting a power thresh-

old to use, for resource selection, based on a function of both
a priority of the detected transmitter and the priority of the
UE (block 620). As previously mentioned, the power thresh-
old values may be RSRP thresholds that are stored at the UE.
The power thresholds values may, for example, be config-
ured by the network, such as via an mformation element in
a System Information Block (SIB).

One example function that may be used to select the
power threshold 1s shown 1n Table I, below. In Table I, four
different priority levels are possible: priority O (lowest
priority) to priority 3 (highest priority). Additionally, four
different configured threshold values are 1llustrated: Thresh-
old O (ThrO), Threshold 1 (Thrl), Threshold 2 (Thr2), and
Threshold 3 (Thr3). Thr3 may be less than or equal to Thr2,
which may be less than or equal to Thrl, which may be less
than or equal to ThrO. In general, as shown 1n Table I, a
higher priority value of the UE that is selecting the resource
may result 1n a higher power threshold value, which will
tend to result 1n fewer resources being excluded from the
initial set of potential resources.

TABLE 1

Priority of other UEs sharing spectrum resources
(Thr3 = Thr2 = Thrl = Thr0)

Priority O Priority 3

(lowest) Priority 1 Priority 2 (highest)
Priority O Threshold O  Threshold 1 Threshold 2 Threshold 3
Priority 1 Threshold 1 Threshold 1 Threshold 2 Threshold 3
Priority 2~ Threshold 2 Threshold 2~ Threshold 2~ Threshold 3
Priority 3 Threshold 3 Threshold 3 Threshold 3 Threshold 3

Process 600 may further include excluding resources from
the set of all possible resources by comparing measured
signal power values to the determined power threshold
(block 630). The operations of block 630 may generally
correspond to the operations of block 3520, in which the

power threshold 1s selected using the operations of blocks
610 and 620. That 1s, the selected power threshold may be
used to exclude resources from the set of possible resource,
using either the iterative technique of process 500 (where the
initial power threshold value 1s selected based on a function
of both a priority of the detected transmitter and the priority
of the UE) or without the iterative process.

In an alternative implementation, instead of selecting the
power threshold value based on a function of both a priority
of the detected transmitter and the priority of the UE, the
power threshold value may be selected without taking into
account the priority of the UE that 1s reselecting the
resource. In this implementation, process 600 may be used,
except that the selection function of block 620 may be
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invariant to changes in the priority of UE 110. Table II,
below, 1llustrates an example of such a function.

TABL.

L1

11

10

additionally using co-channel transmissions information
and/or inband emission intertference information when deter-

Priority of other UEs sharing spectrum resources

(Thr3 = Thr2 = Thrl < ThrO)

Priority O
(lowest) Priority 1 Priority 2
UE Priority O  Threshold O  Threshold : Threshold 2
reselecting Priority 1 Threshold O  Threshold : Threshold 2
resource Priority 2 Threshold O  Threshold : Threshold 2
Priority 3 Threshold O  Threshold : Threshold 2

Referring back to FIG. 3, the final set of operations for UE
resource selection (block 330), may include selecting the

actual resources to use for transmission from the set of
resources determined 1n block 320 (and as further discussed
above with reference to FIGS. 5 and 6). Techniques for
selecting the actual resources to use for transmission will
next be discussed in more detail.

FIG. 7 1s a flowchart illustrating an example process 700
for selecting resources to use for transmission. Process 700
may be mmplemented by UE 120 and may be performed
based on the set of resources determined in block 320.

Process 700 may include obtaining energy measurements,
such as measuring received energy or power, for each of the
resources (block 710). In one implementation, UE 110 may
measure the total received energy corresponding to each
spectral resource 1n the set. The total received energy may be
measured using, for example, Radio Frequency (RF) cir-
cuitry or front-end module (FEM) circuitry that 1s imple-
mented by UE 110.

Process 700 may further include ranking resources in the
set based on the obtained energy measurements (block 720).
In one implementation, the resources may be ranked in
ascending order such that the resources, at which UE 110
detects the lowest total energy, are at the top of the ranked
list.

Process 700 may further include selecting a particular
number of the top resources from the list to form a final
subset of potential resources (block 730). For example, UE
110 may use an energy threshold value to select resources
from the ranked resources that satisiy the threshold. As
another example, UE 110 may select the top S, /v exrray
resources (where S, . ~rrrey 18 @ positive integer) from the
ranked list (e.g., the ten resources with the lowest total
received energy) to obtain the final subset. Alternatively or
additionally, both the threshold value and the selection of the
top S, v mveray Fesources may be performed to obtain a
maximum number (S, - -rrrcy) 0f potential resources that
satisty the threshold. The particular resources to use for
transmission may be randomly selected from the final subset
(block 740).

Process 700, as described above, used received energy to
determine the final subset of potential resources. In other
implementations, other factors could be used. For example,
the resources remaining aiter the operations of block 320
(FIG. 3) may be classified based on one or more of the
tollowing;:

Total receive energy and co-channel transmissions from

other UEs (and potentially also on priority); and/or

Total receive energy and inband emission interference

from other UEs on a particular resource.

One potential alternative implementation, relative to the

implementation shown 1n process 700, may be performed by

Priority 3
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mining the final subset of resources. As mentioned with
respect to process 700, a threshold may be applied to
down-select the subset of resources with a mimimum energy
level (S, v zvercy). 1T the number of resources in the
subset, S, - =verays 18 larger than a predefined size of the
final subset, S, ,vrorgzs7rons UE 110 may further analyze
the subset of resources, S, ;- zrveray, and exclude resources
from the set until the size of the set 1s reduced to the desired
s1Z€ O Sy vhorazarron- Inorder to reduce S, v cveray, the
UE may first exclude resources where 1t 1s aware about
co-channel transmission (this information can be extracted
based on SCI processing including potential priority of
co-channel transmission) and may additionally exclude
resources corrupted by inband emissions (the presence of
which may be determined based on the presence of trans-
missions 1n the same subirame but on different frequency
resources). In the situation when the size of S, /r zveEray 18
less than the size M, of the randomization set S, , xrorsr 4
rron, the UE may select the M, resources with minimum
energy from the whole set of ranked resources S, .\ zrr-
From the M, resources, the UE may randomly select
resources when needed by the UE.

Vehicle (UE) transmission periodicities will next be dis-
cussed.

Vehicle UEs may frequently transmit periodically, and
potentially with different periods. Accordingly, 1t may be
desirable for UEs to take into account the periodicity of the
other UEs 1n order to potentially avoid selecting resources
that overlap with the transmission of the other UEs.

FIG. 8 1s a diagram 1illustrating an example of the impact
of different transmission periodicities, associated with dii-
ferent UEs, on the transmission of a particular UE. In
general, based on transmission timing information about the
SPS period, which may be included 1n the SCI, UE 110 can
prOJect transmissions of other vehicles detected during the
UE’s sensing window to the subsequent UE transmission
window. As shown in FIG. 8, a UE, labeled as UE-4, may
detect, during 1ts sensing window, transmissions of three
other UEs, labeled as UE-1, UE-2, and UE-3. The transmis-
sions of UE-1 may be detected to have a period of 100 ms,
the transmissions of UE-2 may be detected to have a period
of 200 ms, and the transmissions of UE-3 may be detected
to have a period of 300 ms. Estimates of subsequent trans-
missions of UE-1, UE-2, and UE-3 may thus be projected
into the future transmission window of UE-4. UE-4 may use
the projected future transmissions 1n order to more intelli-
gently select resources, during the transmission window, that
minimize interference with UE-1, UE-2, and UE-3.

In the general case, in order to consider all possible
combinations of active transmitters across all transmission
windows of the UE performing resource reselection, nfor-

mation relating to transmission window duration, transmis-
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sion window periodicity, and SPS resource allocation win-
dows may need to be available. In some 1mplementations,
information about transmission window period and the SPS
resource allocation window may be signaled 1n the SCI,
while the transmission window duration can be preconfig-
ured. Diflerent behaviors of UEs performing resource rese-
lection can be taken into account depending on the infor-
mation available at the receiver side. A number of
implementations, depending on availability of the transmis-
sion period and SPS resource allocation window, are con-
sidered 1in more detail below.

In a first potential implementation, consider the situation
in which the actual transmission window period (of other
UEs) and SPS allocation window are unknown. In this
situation, the UE performing the resource reselection 1s not
aware about the transmission windows of the other UEs that
were detected with the sensing window. In this case, the UE
may take a conservative approach and assume that other
UEs transmit with a minimum transmission periodicity (e.g.,
100 ms). The UE may accordingly additionally exclude
resources, as discussed with respect to block 320 of FIG. 3,
based on the assumption that the transmission window
period of other detected UEs will continue to be periodically
repeated with the minimum transmission period.

With respect to the operations of block 330 of FIG. 3,
when the UE takes a conservative approach and assumes
that the other UEs transmit with minimum transmission
periodicity, the UE may process relevant parts of the sensing
window corresponding to 1ts own transmission window and
average the total received energy for each resource across
transmission windows. Instead of a simple averaging, the
UE can apply a weighted average by emphasizing compo-
nents towards the end of the sensing window or make a
conservative decision by using the maximum received
power level across transmission windows.

In a second potential implementation, consider the situ-
ation 1 which the actual transmission window period 1is
signaled by other UEs and the SPS allocation window
duration 1s unknown. In this situation, the UE performing
the resource reselection can take the signaled transmission
window periods into account when selecting resources.

With respect to the operations of block 320 (FIG. 3),
given that the UE knows the transmission periods of other
UEs, mncluding 1ts own period and SPS allocation window,
the UE can separately treat the transmission window of the
other UEs. In this case, the UE specific transmission periods
of the other UEs may be projected to the upcoming trans-
mission window of the UE performing resource reselection
within either the SPS allocation window duration or a
preconfigured time interval (e.g., one second). More par-
ticularly, in each transmission window, the UE excludes
resources according to the SCI decoding information and
transmitter specific RSRP measurements. Then the UE can
apply the union operation to obtain the set of resources that
should be excluded and use the remaining resources as
candidate resources that are available for selection.

In a third potential implementation, consider the situation
in which the actual transmission window period 1s signaled
by other UEs and the SPS allocation window duration 1s also
known. This situation 1s similar to the second potential
implementation, as just discussed, except that the UE, based
on knowledge of the SPS allocation window, can further
improve upon resource reselection. For instance, when the
UE excludes resources 1t can take into account the remaining,
transmission time of a given vehicle on a currently occupied
resource and analyze whether 1t falls 1 at least one trans-
mission window of the SPS allocation window period. The
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SPS allocation time, signaled by other UEs, can also be used
by the UE to detect which other UEs have released resources
and performed resource reselection within a given sensing
window. This information should be taken into account in
order to exclude mnformation about transmissions that are no
longer relevant.

In one implementation, the transmission periodicity and
SPS allocation window may be jointly signaled in the SCI.
In the operations of block 320 (FIG. 3), this information may
be used 1 performing resource reselection by separately
analyzing a set of active transmitters in the transmission
window of the UE; collecting information about resources to
be excluded 1n transmission window periods based on the
transmitter specific RSRP power measurements; and com-
bining information from all transmission windows to decide
on the set of resources to be excluded from the set. In the
operations of block 330 (FIG. 3), the transmission period-
icity and SPS allocation window duration information may
be used for performing, for each remaining resource, the
averaging of total recerved power across multiple transmis-
sion windows (which may be projected from the sensing
window ). The number of transmission windows at which the
averaging 1s applied may be configurable by eNB 125.
Similarly, the averaging equation and his parameters may
also be configured by eNB 125.

As used herein, the term “circuitry” or “processing cir-
cuitry” may refer to, be part of, or include an Application
Specific Integrated Circuit (ASIC), an electronic circuit, a
processor (shared, dedicated, or group), and/or memory
(shared, dedicated, or group) that execute one or more
soltware or firmware programs, a combinational logic cir-
cuit, and/or other suitable hardware components that provide
the described functionality. In some embodiments, the cir-
cuitry may be implemented in, or functions associated with
the circuitry may be implemented by, one or more software
or firmware modules. In some embodiments, circuitry may
include logic, at least partially operable in hardware.

Embodiments described herein may be implemented nto
a system using any suitably configured hardware and/or
software. FIG. 9 1llustrates, for one embodiment, example
components of an electronic device 900. In embodiments,
the electronic device 900 may be a mobile device, a RAN
node, a network controller, a subscription repository, a data
gateway, a service gateway, or an application server. In some
embodiments, the electronic device 900 may include appli-
cation circuitry 902, baseband circuitry 904, Radio Fre-
quency (RF) circuitry 906, front-end module (FEM) cir-
cuitry 908 and one or more antennas 960, coupled together
at least as shown. In embodiments in which a radio interface
1s not needed for electronic device 900 (e.g., a data gateway,
network controller, etc.), the RF circuitry 906, FEM circuitry
908, and antennas 960 may be omitted. In other embodi-
ments, any of said circuitries can be included in different
devices.

Application circuitry 902 may include one or more appli-
cation processors. For example, the application circuitry 902
may include circuitry such as, but not limited to, one or more
single-core or multi-core processors. The processor(s) may
include any combination of general-purpose processors and
dedicated processors (e.g., graphics processors, application
processors, etc.). The processors may be coupled with and/or
may include memory/storage and may be configured to
execute mstructions stored in the memory/storage to enable
various applications and/or operating systems to run on the
system. The memory/storage may include, for example,
computer-readable medium 903, which may be a non-
transitory computer-readable medium. Application circuitry
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902 may, in some embodiments, connect to or include one
Or more sensors, such as environmental sensors, cameras,
etc.

Baseband circuitry 904 may include circuitry such as, but
not limited to, one or more single-core or multi-core pro-
cessors. The baseband circuitry 904 may include one or
more baseband processors and/or control logic to process
baseband signals received from a receive signal path of the
RFE circuitry 906 and to generate baseband signals for a
transmit signal path of the RF circuitry 906. Baseband
processing circuitry 904 may interface with the application
circuitry 902 for generation and processing of the baseband
signals and for controlling operations of the RF circuitry
906. For example, 1n some embodiments, the baseband
circuitry 904 may include a second generation (2(G) base-
band processor 904qa, third generation (3G) baseband pro-
cessor 904bH, fourth generation (4G) baseband processor
904¢, and/or other baseband processor(s) 9044 for other
existing generations, generations in development or to be
developed 1n the future (e.g., fifth generation (5G), 9G, etc.).
The baseband circuitry 904 (e.g., one or more of baseband
processors 904a-d) may handle various radio control func-
tions that enable communication with one or more radio
networks via the RF circuitry 906. The radio control func-
tions may include, but are not limited to, signal modulation/
demodulation, encoding/decoding, radio frequency shifting,
ctc. In some 1implementations, the functionality of baseband
circuitry 904 may be wholly or partially implemented by
memory/storage devices configured to execute instructions
stored 1n the memory/storage. The memory/storage may
include, for example, a non-transitory computer-readable
medium 904%.

In some embodiments, modulation/demodulation cir-
cuitry of the baseband circuitry 904 may include Fast-
Fourier Transform (FFT), preceding, and/or constellation
mapping/demapping functionality. In some embodiments,
encoding/decoding circuitry of the baseband circuitry 904
may include convolution, tail-biting convolution, turbo,
Viterbi, and/or Low Density Parity Check (LDPC) encoder/
decoder functionality. Embodiments of modulation/de-
modulation and encoder/decoder functionality are not lim-
ited to these examples and may include other suitable
functionality 1n other embodiments.

In some embodiments, the baseband circuitry 904 may
include elements of a protocol stack such as, for example,
clements of an evolved umversal terrestrial radio access
network (EUTRAN) protocol including, for example, physi-

cal (PHY), media access control (MAC), radio link control
(RLC), packet data convergence protocol (PDCP), radio
resource control (RRC) elements, and/or Non-Access Stra-
tum (NAS) elements. A central processing unit (CPU) 904¢e
of the baseband circuitry 904 may be configured to run
clements of the protocol stack for signaling of the PHY,
MAC, RLC, PDCP and/or RRC layers, and/or NAS. In some
embodiments, the baseband circuitry may include one or
more audio digital signal processor(s) (DSP) 904f. The audio
DSP(s) 904 may be include elements for compression/
decompression and echo cancellation and may 1include other
suitable processing elements 1n other embodiments.
Baseband circuitry 904 may further include memory/
storage 904g. The memory/storage 904g may be used to load
and store data and/or instructions for operations performed
by the processors of the baseband circuitry 904. Memory/
storage 904g may particularly include a non-transitory
memory. Memory/storage for one embodiment may include
any combination of suitable volatile memory and/or non-
volatile memory. The memory/storage 904g may include
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any combination of various levels of memory/storage
including, but not limited to, read-only memory (ROM)
having embedded software instructions (e.g., firmware),
random access memory (e.g., dynamic random access
memory (DRAM)), cache, buflers, etc. The memory/storage
9042 may be shared among the various processors or
dedicated to particular processors.

Components of the baseband circuitry may be suitably
combined 1n a single chip, a single chipset, or disposed on
a same circuit board in some embodiments. In some embodi-
ments, some or all of the constituent components of the
baseband circuitry 904 and the application circuitry 902 may

be implemented together such as, for example, on a system
on a chip (SOC).

In some embodiments, the baseband circuitry 904 may

provide for communication compatible with one or more
radio technologies. For example, in some embodiments, the
baseband circuitry 904 may support communication with an
evolved umiversal terrestrial radio access network (EU-
TRAN) and/or other wireless metropolitan area networks
(WMAN), a wireless local area network (WLAN), a wire-
less personal area network (WPAN). Embodiments 1n which
the baseband circuitry 904 is configured to support radio
communications of more than one wireless protocol may be
referred to as multi-mode baseband circuitry.
RFE circuitry 906 may enable communication with wire-
less networks, and direct connections with other UEs, using
modulated electromagnetic radiation through a non-solid
medium. In various embodiments, the RF circuitry 906 may
include switches, filters, amplifiers, etc. to facilitate the
communication with the wireless network. RF circuitry 906
may include a receirve signal path which may include
circuitry to down-convert RF signals received from the FEM
circuitry 908 and provide baseband signals to the baseband
circuitry 904. RF circuitry 906 may also include a transmit
signal path which may include circuitry to up-convert base-
band signals provided by the baseband circuitry 904 and
provide RF output signals to the FEM circuitry 908 for
transmission. RF circuitry may additionally include cir-
cuitry, such as filters and amplifiers, to measure and/or sense
received wireless communications and to generate signals
indicating the power or energy of the received wireless
communications.

In some embodiments, the RF circuitry 906 may include
a recerve signal path and a transmit signal path. The receive
signal path of the RF circuitry 906 may include mixer
circuitry 906a, amplifier circuitry 90656 and filter circuitry
906¢. The transmit signal path of the RF circuitry 906 may
include filter circuitry 906¢ and mixer circuitry 906a. RF
circuitry 906 may also include synthesizer circuitry 9064 for
synthesizing a frequency for use by the mixer circuitry 9064
of the receive signal path and the transmit signal path. In
some embodiments, the mixer circuitry 906a of the receive
signal path may be configured to down-convert RF signals
received from the FEM circuitry 908 based on the synthe-
s1zed frequency provided by synthesizer circuitry 9064. The
amplifier circuitry 90656 may be configured to amplify the
down-converted signals and the filter circuitry 906¢ may be
a low-pass filter (LPF) or band-pass filter (BPF) configured
to remove unwanted signals from the down-converted sig-
nals to generate output baseband signals.

Output baseband signals may be provided to the baseband
circuitry 904 for further processing. In some embodiments,
the output baseband signals may be zero-frequency base-
band signals, although this 1s not a requirement. In some
embodiments, mixer circuitry 906a of the receive signal
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path may comprise passive mixers, although the scope of the
embodiments 1s not limited 1n this respect.

In some embodiments, the mixer circuitry 906a of the
transmit signal path may be configured to up-convert input
baseband signals based on the synthesized frequency pro-
vided by the synthesizer circuitry 9064 to generate RF
output signals for the FEM circuitry 908. The baseband
signals may be provided by the baseband circuitry 904 and
may be filtered by filter circuitry 906¢. The filter circuitry
906¢ may include a low-pass filter (LPF), although the scope
of the embodiments 1s not limited 1n this respect.

In some embodiments, the mixer circuitry 906a of the
receive signal path and the mixer circuitry 906a of the
transmit signal path may include two or more mixers and
may be arranged for quadrature downconversion and/or
upconversion respectively. In some embodiments, the mixer
circuitry 906a of the receive signal path and the mixer
circuitry 9064 of the transmit signal path may include two or
more mixers and may be arranged for image rejection (e.g.,
Hartley 1image rejection). In some embodiments, the mixer
circuitry 906a of the receive signal path and the mixer
circuitry 906a may be arranged for direct downconversion
and/or direct upconversion, respectively. In some embodi-
ments, the mixer circuitry 906a of the receive signal path
and the mixer circuitry 9064 of the transmit signal path may
be configured for super-heterodyne operation.

In some embodiments, the output baseband signals and
the input baseband signals may be analog baseband signals,
although the scope of the embodiments 1s not limited 1n this
respect. In some alternate embodiments, the output baseband
signals and the input baseband signals may be digital
baseband signals. In these alternate embodiments, the RF
circuitry 906 may include analog-to-digital converter (ADC)
and digital-to-analog converter (DAC) circuitry and the
baseband circuitry 904 may include a digital baseband
interface to communicate with the RF circuitry 906.

In some dual-mode embodiments, a separate radio IC
circuitry may be provided for processing signals for each
spectrum, although the scope of the embodiments 1s not
limited 1n this respect.

In some embodiments, the synthesizer circuitry 9064 may
be a fractional-N synthesizer or a fractional N/N+6 synthe-
sizer, although the scope of the embodiments 1s not limited
in this respect as other types of frequency synthesizers may
be suitable. For example, synthesizer circuitry 9064 may be
a delta-sigma synthesizer, a frequency multiplier, or a syn-
thesizer comprising a phase-locked loop with a frequency
divider.

The synthesizer circuitry 9064 may be configured to
synthesize an output frequency for use by the mixer circuitry
9064 of the RF circuitry 906 based on a frequency input and
a divider control mnput. In some embodiments, the synthe-
s1zer circuitry 9064 may be a fractional N/N+6 synthesizer.

In some embodiments, frequency input may be provided
by a voltage-controlled oscillator (VCQO), although that 1s
not a requirement. Divider control input may be provided by
either the baseband circuitry 904 or the applications proces-
sor 902 depending on the desired output frequency. In some
embodiments, a divider control mput (e.g., N) may be
determined from a look-up table based on a channel indi-
cated by the applications processor 902.

Synthesizer circuitry 9064 of the RF circuitry 906 may
include a divider, a delay-locked loop (DLL), a multiplexer
and a phase accumulator. In some embodiments, the divider
may be a dual modulus divider (DMD) and the phase
accumulator may be a digital phase accumulator (DPA). In
some embodiments, the DMD may be configured to divide
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the input signal by either N or N+6 (e.g., based on a carry
out) to provide a fractional division ratio. In some example
embodiments, the DLL may include a set of cascaded,
tunable, delay elements, a phase detector, a charge pump and
a D-type thp-flop. In these embodiments, the delay elements
may be configured to break a VCO period up into Nd equal
packets of phase, where Nd 1s the number of delay elements
in the delay line. In thus way, the DLL provides negative
teedback to help ensure that the total delay through the delay
line 1s one VCO cycle.

In some embodiments, synthesizer circuitry 9064 may be

configured to generate a carrier frequency as the output
frequency, while 1n other embodiments, the output ire-
quency may be a multiple of the carrnier frequency (e.g.,
twice the carrier frequency, four times the carrier frequency)
and used i1n conjunction with quadrature generator and
divider circuitry to generate multiple signals at the carrier
frequency with multiple different phases with respect to each
other. In some embodiments, the output frequency may be a
LO frequency (1LO). In some embodiments, the RF circuitry
906 may include an IQ)/polar converter.
FEM circuitry 908 may include a receive signal path
which may include circuitry configured to operate on RF
signals received from one or more antennas 960, amplily the
received signals and provide the amplified versions of the
received signals to the RF circuitry 906 for further process-
ing. FEM circuitry 908 may also include a transmit signal
path which may include circuitry configured to amplify
signals for transmission provided by the RF circuitry 906 for
transmission by one or more of the one or more antennas
960.

In some embodiments, the FEM circuitry 908 may
include a TX/RX switch to switch between transmit mode
and receive mode operation. The FEM circuitry may include
a recerve signal path and a transmit signal path. The receive
signal path of the FEM circuitry may include a low-noise
amplifier (LNA) to amplity received RF signals and provide
the amplified received RF signals as an output (e.g., to the
RFE circuitry 906). The transmit signal path of the FEM
circuitry 908 may include a power amplifier (PA) to amplity
input RF signals (e.g., provided by RF circuitry 906), and
one or more filters to generate RF signals for subsequent
transmission (e.g., by one or more ol the one or more
antennas 960).

In some embodiments, the electronic device 900 may
include additional elements such as, for example, memory/
storage, display, camera, sensors, and/or input/output (1/0)
interface. In some embodiments, the electronic device of
FIG. 9 may be configured to perform one or more methods,
processes, and/or techniques such as those described herein.

FIG. 10 1s a block diagram illustrating components,
according to some example embodiments, able to read
instructions from a machine-readable or computer-readable
medium (e.g., a machine-readable storage medium) and
perform any one or more of the methodologies discussed
herein. Specifically, FIG. 10 shows a diagrammatic repre-
sentation of hardware resources 1000 including one or more
processors (or processor cores) 1010, one or more memory/
storage devices 1020, and one or more communication
resources 1030, each of which are communicatively coupled
via a bus 1040.

The processors 1010 (e.g., a central processing unit
(CPU), a reduced struction set computing (RISC) proces-
sor, a complex instruction set computing (CISC) processor,
a graphics processing unit (GPU), a digital signal processor
(DSP) such as a baseband processor, an application specific
integrated circuit (ASIC), a radio-frequency integrated cir-
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cuit (RFIC), another processor, or any suitable combination
thereot) may include, for example, a processor 1012 and a
processor 1014. The memory/storage devices 1020 may
include main memory, disk storage, or any suitable combi-
nation thereof.

The communication resources 1030 may include inter-
connection and/or network interface components or other
suitable devices to communicate with one or more periph-
eral devices 1004 and/or one or more databases 1006 via a
network 1008. For example, the communication resources
1030 may include wired communication components (€.g.,
for coupling via a Universal Serial Bus (USB)), cellular
communication components, Near Field Communication
(NFC) components, Bluetooth® components (e.g., Blu-
ctooth® Low Energy), Wi-Fi® components, and other com-
munication components.

Instructions 1050 may comprise software, a program, an
application, an applet, an app, or other executable code for
causing at least any of the processors 1010 to perform any
one or more of the methodologies discussed herein. The
instructions 1050 may reside, completely or partially, within
at least one of the processors 1010 (e.g., within the proces-
sor’s cache memory), the memory/storage devices 1020, or
any suitable combination thereof. Furthermore, any portion
of the 1nstructions 1050 may be transferred to the hardware
resources 1000 from any combination of the peripheral
devices 1004 and/or the databases 1006. Accordingly, the
memory of processors 1010, the memory/storage devices
1020, the peripheral devices 1004, and the databases 1006
are examples of computer-readable and machine-readable
media.

A number of examples, relating to implementations of the
techniques described above, will next be given.

In a first example, an apparatus for a baseband processor
of User Equipment (UE), comprising: an interface to radio
frequency (RF) circuitry; and one or more baseband pro-
cessors to: obtain a set of resources that are potentially
available to use, by the UE, for transmissions as part of
direct sidelink communications with other UEs:; determine
power thresholds for resources 1n the set of resources, the
power thresholds being determined as a function of: a
priority value associated with the UE; and priority values
associated with other UEs that are using the resources;
exclude particular resources from the set of resources based
on comparisons of power values, corresponding to the
particular resources and that were determined using the RF
circuitry, to the determined power thresholds, to obtain a
modified version of the set of resources; and communicate,
via the interface to the RF circuitry and using the sidelink
communications, using one or more resources selected from
the set of modified resources. In example 2, the subject
matter of example 1, or any of the preceding examples,
wherein, when excluding the particular resources from the
set of resources, the one or more baseband processors are
turther to: determine a number of resources in the modified
set of resources; and when the determined number of
resources 1s less than a threshold minimum number of
resources, increment the power threshold values, by a pre-
determined amount, before reperforming the excluding
based on the obtained set of resources that are potentially
available to use.

In example 3, the subject matter of examples 1 or 2, or any
of the preceding examples, wherein the one or more base-
band processors are further to: determine, during the sensing,
window period, a periodicity of transmissions of the other
UEs, wherein the excluding of the particular resources
turther includes: additionally excluding resources, from the
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set of resources, based on the determined periodicities, to
avold interfering transmissions between the UE and the
other UEs.

In example 4, the subject matter of examples 1, 2, or 3, or

any ol the preceding examples, wherein the power thresh-
olds are Reference Signal Received Power (RSRP) thresh-
olds.
In example 3, the subject matter of examples 1, 2, or 3, or
any of the preceding examples, wherein the priority values
are determined on a per Semi-Persistent Scheduling (SPS)
process basis.

In example 6, the subject matter of examples 1, 2, or 3 or
any of the preceding examples, wherein the priority values
ol the other UEs are obtained from sidelink control infor-
mation (SCI) transmitted by the other UEs.

In example 7, the subject matter of example 1, 2, or 3, or
any of the preceding examples, wherein the processing
circuitry 1s further to: determine the one or more resources
for communicating based on a random selection from the
modified set of resources.

In example 8, the subject matter of example 1, 2, or 3, or
any of the preceding examples, wherein the priority value
associated with the UE 1s obtained from higher layer pro-
cessing of the UE.

In example 9, the subject matter of example 1, 2, or 3, or
any of the preceding examples, wherein the function used to
determine the power thresholds 1s based on a lookup of the
power thresholds 1n a data structure that 1s indexed based on
the prionity value associated with the UE and the priority
values associated with the other UEs.

In a tenth example, a UE may comprise: a computer-
readable medium containing processing instructions; and
one or more processors, to execute the processing instruc-
tions to: obtain a set ol resources that are potentially
available to use, by the UE, for transmissions as part of
direct sidelink communications with other UEs; receive,
from radio frequency (RF) circuitry of the UE, measured
values of received power corresponding to resources in the
set of resources; determine power thresholds for resources 1n
the set of resources, the power thresholds being determined
as a function of: a priority value associated with the UE; and
priority values associated with other UEs that are using the
resources; exclude particular resources from the set of
resources based on comparisons of received power values,
corresponding to the particular resources, to the determined
power thresholds, to obtain a modified version of the set of
resources; and communicate, by the UE, using the sidelink
communications, using one or more resources selected from
the set of modified resources.

In example 11, the subject matter of example 10, or any
of the preceding examples, wherein, when excluding the
particular resources from the set of resources, the processing,
circuitry 1s further to: determine a number of resources in the
modified set of resources; and when the determined number
of resources 1s less than a threshold minimum number of
resources, increment the power threshold values, by a pre-
determined amount, before reperforming the excluding
based on the obtained set of resources that are potentially
available to use.

In example 12, the subject matter of example 10 or 11, or
any of the preceding examples, wherein the processing
circuitry 1s further to: determine, during the sensing window
period, a periodicity of transmissions of the other UEs,
wherein the excluding of the particular resources further
includes: additionally excluding resources, from the set of
resources, based on the determined periodicities, to avoid
interfering transmissions between the UE and the other UEs.
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In example 13, the subject matter of example 10, 11, or
12, or any of the preceding examples, wherein the power
thresholds are Reference Signal Received Power (RSRP)
thresholds.

In example 14, the subject matter of example 10, 11, or
12, or any of the preceding examples, wherein the priority
values are determined on a per Semi-Persistent Scheduling,
(SPS) process basis.

In example 15, the subject matter of example 10, 11, or
12, or any of the preceding examples, wherein the priority
values of the other UEs are obtained from sidelink control
information (SCI) transmitted by the other UEs.

In example 16, the subject matter of example 10, 11, or
12, or any of the preceding examples, wherein the process-
ing circuitry 1s further to: determine the one or more
resources for communicating based on a random selection
from the modified set of resources.

In example 17, the subject matter of example 10, 11, or
12, or any of the preceding examples, wherein the priority
value associated with the UE 1s obtained from higher layer
processing of the UE.

In example 18, the subject matter of example 10, 11, or
12, or any of the preceding examples, wherein the function
used to determine the power thresholds 1s based on a lookup
of the power thresholds 1n a data structure that 1s imndexed
based on the prionty value associated with the UE and the
priority values associated with the other UEs.

In a 19” example, an apparatus for a baseband processor
of User Equipment (UE) comprises: a computer-readable
medium containing processing instructions; and one or more
processors, to execute the processing instructions to: obtain
received power measurements, corresponding to potential
resources that are available for use, by the UE, as part of
autonomous mode Vehicle-to-Vehicle (V2V) communica-
tions; exclude particular resources from a set of resources
based on comparisons of received power, corresponding to
the particular resources, to the power thresholds, to obtain a
modified version of the set of resources, wherein the exclud-
ing includes: determining a number of resources in the
modified set of resources, and when the determined number
of resources 1s less than a threshold minimum number of
resources, incrementing the power thresholds and reper-
forming the excluding of the particular resources from the

set of resources; and control V2V communications using
resources selected from the set of modified resources.

In example 20, the subject matter of example 19, or any
of the preceding examples, wherein the one or more pro-
cessors are to further execute the processing instructions to:
determine the power thresholds for resources 1n the set of
resources as a function of a priority value of the UE and
priority values associated with other UEs that are using the
resources.

In example 21, the subject matter of example 19 or 20, or
any of the preceding examples, wherein the one or more
processors are to Turther execute the processing instructions
to: determine, during the sensing window period, a period-
icity of transmissions of the other UEs, wherein the exclud-
ing of the particular resources further includes: additionally
excluding resources, from the set of resources, based on the
determined periodicities, to avoid interfering transmissions
between the UE and the other UE:s.

In example 22, the subject matter of example 19 or 20, or

any ol the preceding examples, wherein the power thresh-
olds are Reference Signal Received Power (RSRP) thresh-

olds.
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In example 23, the subject matter of example 9 or 20, or
any of the preceding examples, wherein the priority values
are determined on a per Semi-Persistent Scheduling (SPS)
process basis.

In example 24, the subject matter of example 19 or 20, or
any of the preceding examples, wherein the priority values
of the other UEs are obtained from sidelink control infor-
mation (SCI) transmitted by the other UEs.

In example 25, the subject matter of example 19 or 20, or
any ol the preceding examples, wherein the one or more
processors are to further execute the processing nstructions
to: determine the one or more resources for communicating
based on a random selection from the modified set of
resources.

In a 26 example, a computer-readable medium contains
program instructions for causing one or more processors to:
obtain a set of spectrum resources that are potentially
available to use, by the UE, for transmissions as part of the
V2V communications; obtain, during a sensing window
period of the V2V communications, measurements, corre-
sponding to resources in the set of resources, of received
power; determine power thresholds for resources in the set
of resources, the power thresholds being determined as a
function of: a priority value of the UE; and priority values
associated with other UEs that are using the resources;
exclude particular resources from the set of resources based
on comparisons of received power, corresponding to the
particular resources, to the determined power thresholds, to
obtain a modified version of the set of resources; and
communicate, by the UE, using direct V2V communica-
tions, using one or more resources selected from the set of
modified resources.

In example 17, the subject matter of example 26, or any
of the preceding examples, wherein the program instructions
are further to cause the one or more processors to: determine
a number of resources in the modified set of resources:; and
when the determined number of resources 1s less than a
threshold minimum number of resources, increment the
power thresholds before reperforming the excluding of the
particular resources from the set of resources.

In example 28, the subject matter of example 26 or 27, or
any of the preceding examples, wherein the program instruc-
tions are further to cause the one or more processors to:
determine, during the sensing window period, a periodicity
of transmissions of the other UEs, wherein the excluding of
the particular resources {further includes: additionally
excluding resources, from the set of resources, based on the
determined periodicities, to avoid interfering transmissions
between the UE and the other UFEs.

In example 29, the subject matter of example 26, 27, or
28, or any of the preceding examples, wherein the power
thresholds are Reference Signal Received Power (RSRP)
thresholds.

In example 30, the subject matter of example 26, 27, or
28, or any of the preceding examples, wherein the priority
values are determined on a per Semi-Persistent Scheduling
(SPS) process basis.

In example 31, the subject matter of example 26, 27, or
28, or any of the receding examples, wherein the priority
values of the other UEs are obtained from sidelink control
information (SCI) transmitted by the other UEs.

In example 32, the subject matter of example 26, 27, or
28, or any of the preceding examples, wherein the process-
ing circuitry 1s further to: determine the one or more
resources for communicating based on a random selection
from the modified set of resources.
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In a 33" example, a method, performed by UE, may
comprise: obtaining a set of resources that are potentially
available to use, by the UE, for transmissions as part of the
Vehicle-to-Vehicle (V2V) communications; obtaining, dur-
ing a sensing window period of the V2V communications,
measurements, corresponding to resources in the set of
resources, of received power; determining power thresholds
for resources in the set of resources, the power thresholds
being determined as a function of: a priority value of the UE;
and priority values associated with other UEs that are using
the resources; excluding particular resources from the set of
resources based on comparisons of received power, corre-
sponding to the particular resources, to the determined
power thresholds, to obtain a modified version of the set of
resources; and communicating, by the UE, using V2V
communications, using one or more resources selected from
the set of modified resources.

In example 34, the subject matter of example 33, or any
of the preceding examples, further comprising: determining
a number of resources in the modified set of resources:; and
when the determined number of resources 1s less than a
threshold minimum number of resources, incrementing the
power threshold values, by a predetermined amount, before
reperforming the excluding of the particular resources from
the set of resources.

In example 35, the subject matter of example 33 or 34, or
any of the preceding examples, further comprising: deter-
mimng, during the sensing window period, a periodicity of
transmissions of the other UEs, wherein the excluding of the
particular resources further includes additionally excluding
resources, from the set of resources, based on the determined
periodicities, to avoid interfering transmissions between the
UE and the other UFEs.

In example 36, the subject matter of example 33, 34, or
35, or any of the preceding examples, wherein the power
thresholds are Reference Signal Received Power (RSRP)
thresholds.

In example 37, the subject matter of example 33, 34, or
35, or any of the preceding examples, wherein the priority
values are determined on a per Semi-Persistent Scheduling,
(SPS) process basis.

In example 38, the subject matter of example 33, 34, or

35, or any of the preceding examples, wherein the priority
values of the other UEs are obtained from sidelink control
information (SCI) transmitted by the other UEs.

In example 39, the subject matter of example 33, 34, or
35, or any of the preceding examples, further comprising:
determining the one or more resources for communicating
based on a random selection from the modified set of
resources.

In a 40” example, a UE may comprise: means for obtain-
ing a set of spectrum resources that are potentially available
to use, by the UE, for transmissions as part of the V2V
communications; means for causing, during a sensing win-
dow period of the V2V communications, the RF circuitry to
obtain measurements, corresponding to resources 1n the set
of resources, ol received power; means for determining
power thresholds for resources 1n the set of resources, the
power thresholds being determined as a function of: a
priority value of the UE; and priornity values associated with
other UEs that are using the resources; means for excluding
particular resources from the set of resources based on
comparisons of received power, corresponding to the par-
ticular resources, to the determined power thresholds, to
obtain a modified version of the set of resources; and means
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for communicating, by the UE, using direct V2V commu-
nications, using one or more resources selected from the set
of modified resources.

In example 41, the subject matter of example 40, or any
of the preceding examples, further comprising: means for
determining a number of resources in the modified set of
resources; and when the determined number of resources 1s
less than a threshold minimum number of resources, incre-
ment the power threshold values, by a predetermined
amount, before reperforming the excluding of the particular
resources irom the set of resources.

In example 42, the subject matter of example 40 or 41, or
any of the preceding examples, further comprising: means
for determining, during the sensing window period, a peri-
odicity of transmissions of the other UEs, wherein the
excluding of the particular resources further includes addi-
tionally excluding resources, from the set ol resources,
based on the determined periodicities, to avoid interfering
transmissions between the UE and the other UEs.

In example 43, the subject matter of example 40 41, or

any ol the preceding examples, wherein the power thresh-
olds are Reference Signal Received Power (RSRP) thresh-
olds.
In example 44, the subject matter of example 40, 41, or
42, or any of the preceding examples, wherein the priority
values are determined on a per Semi-Persistent Scheduling
(SPS) process basis.

In example 45, the subject matter of example 40, 41, or
42, or any of the preceding examples, wherein the priority
values of the other UEs are obtained from sidelink control
information (SCI) transmitted by the other UEs.

In example 46, the subject matter of example 40, 41, or
42, or any of the preceding examples, further comprising:
means for determining the one or more resources for com-
municating based on a random selection from the modified
set ol resources.

In the preceding specification, various embodiments have
been described with reference to the accompanying draw-
ings. It will, however, be evident that various modifications
and changes may be made thereto, and additional embodi-
ments may be implemented, without departing from the
broader scope as set forth 1n the claims that follow. The
specification and drawings are accordingly to be regarded 1n
an 1llustrative rather than restrictive sense.

For example, while series of signals and/or operations
have been described with regard to FIGS. 3 and 5-7, the
order of the signals/operations may be modified 1n other
implementations. Further, non-dependent signals may be
performed 1n parallel.

It will be apparent that example aspects, as described
above, may be immplemented 1 many different forms of
software, firmware, and hardware in the implementations
illustrated 1n the figures. The actual software code or spe-
cialized control hardware used to implement these aspects
should not be construed as limiting. Thus, the operation and
behavior of the aspects were described without reference to
the specific software code—it being understood that soft-
ware and control hardware could be designed to implement
the aspects based on the description herein.

Even though particular combinations of features are
recited in the claims and/or disclosed in the specification,
these combinations are not intended to be limiting. In fact,
many ol these features may be combined 1n ways not
specifically recited 1n the claims and/or disclosed in the
specification.

No element, act, or 1mstruction used 1n the present appli-
cation should be construed as critical or essential unless
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explicitly described as such. An instance of the use of the
term “and,” as used herein, does not necessarily preclude the
interpretation that the phrase “and/or” was intended in that
instance. Similarly, an mstance of the use of the term “or,”
as used herein, does not necessarily preclude the interpre- 5
tation that the phrase “and/or” was intended 1n that instance.
Also, as used herein, the article “a” 1s intended to include
one or more items, and may be used interchangeably with
the phrase “one or more.” Where only one 1tem 1s intended,
the terms “one,” “single,” “only,” or similar language 1s
used.

What 1s claimed 1s:

1. An apparatus for a baseband processor of User Equip-
ment (UE), comprising:

an 1nterface to radio frequency (RF) circuitry; and

one or more baseband processors to:

obtain a set of resources that are potentially available to
use, by the UE, for transmissions as part of direct
sidelink communications with other UEs;

determine power thresholds for resources 1n the set of
resources, the power thresholds being determined as
a Tunction of:
a priority value associated with the UE; and
priority values associated with other UEs that are

using the resources;

exclude particular resources from the set of resources
based on comparisons of power values, correspond-
ing to the particular resources and that were deter-
mined using the RF circuitry, to the determined
power thresholds, to obtain a modified set of
resources; and

communicate, via the interface to the RF circuitry and
using the sidelink communications, using one or
more resources selected from the set of modified
resources.

2. The apparatus of claim 1, wherein, when excluding the
particular resources from the set of resources, the one or
more baseband processors are further to:

determine a number of resources in the modified set of

resources; and

when the determined number of resources 1s less than a

threshold minimum number of resources, increment the
power thresholds, by a predetermined amount, before
reperforming the excluding based on the obtained set of
resources that are potentially available to use.

3. The apparatus of claim 1, wherein the one or more
baseband processors are further to:

determine, during a sensing window period, a periodicity

of transmissions of the other UEs, wherein the exclud-

ing of the particular resources further imcludes:

additionally excluding resources, from the set of
resources, based on the determined periodicities, to
avoid interfering transmissions between the UE and
the other UE:s.

4. The apparatus of claim 1, wherein the power thresholds 55
are Reference Signal Received Power (RSRP) thresholds.

5. The apparatus of claim 1, wherein the priority values
are determined on a per Semi-Persistent Scheduling (SPS)
process basis.

6. The apparatus of claim 1, wherein the priority values of 60
the other UEs are obtained from sidelink control information
(SCI) transmitted by the other UEs.

7. The apparatus of claim 1, wherein the one or more
baseband processors are further to:

determine the one or more resources for communicating 65

based on a random selection from the modified set of
resources.
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8. The apparatus of claim 1, wherein the priornty value
associated with the UE 1s obtained from higher layer pro-
cessing of the UE.

9. The apparatus of claim 1, wherein the function used to
determine the power thresholds 1s based on a lookup of the
power thresholds 1n a data structure that 1s indexed based on
the priority value associated with the UE and the priority
values associated with the other UEs.

10. User Equipment (UE) comprising;:

a computer-readable medium containing processing

instructions; and

One Or more processors, to execute the processing mnstruc-

tions to:

obtain a set of resources that are potentially available to
use, by the UE, for transmissions as part of direct
sidelink communications with other UFs;

determine power thresholds for resources in the set of
resources, the power thresholds being determined as

a function of:
a priority value associated with the UE; and

priority values associated with other UEs that are
using the resources;

exclude particular resources from the set of resources
based on comparisons of power values, correspond-
ing to the particular resources and measured by the
UE, to the determined power thresholds, to obtain a
modified version of the set of resources; and

communicate, by the UE, using the sidelink commu-
nications, using one or more resources selected from
the set of modified resources.

11. The UE of claim 10, wherein, when excluding the
particular resources from the set of resources, the one or
more baseband processors are further to:

determine a number of resources in the modified set of

resources; and

when the determined number of resources 1s less than a

threshold minimum number of resources, increment the
power threshold values, by a predetermined amount,
before reperforming the excluding based on the
obtained set of resources that are potentially available
to use.

12. The UE of claam 10, wherein the one or more
baseband processors are further to:

determine, during a sensing window period, a periodicity

of transmissions of the other UEs, wherein the exclud-

ing of the particular resources further includes:

additionally excluding resources, from the set of
resources, based on the determined periodicities, to
avoid interfering transmissions between the UE and
the other UEs.

13. The UE of claim 10, wherein the power thresholds are
Retference Signal Received Power (RSRP) thresholds.

14. The UE of claim 10, wherein the priority values are
determined on a per Semi-Persistent Scheduling (SPS) pro-
cess basis.

15. The UE of claim 10, wherein the prionty values of the
other UEs are obtained from sidelink control information
(SCI) transmitted by the other UFEs.

16. The UE of claim 10, wherein the one or more
baseband processors are further to:

determine the one or more resources for communicating,

based on a random selection from the modified set of
resources.

17. The UE of claim 10, wherein the priority value
associated with the UE 1s obtained from higher layer pro-
cessing of the UE.
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18. The UE of claim 10, wherein the function used to ing the excluding of the particular resources from
determine the power thresholds 1s based on a lookup of the the set of resources; and
power thresholds in a data structure that 1s indexed based on control V2V communications using resources selected
the priority value associated with the UE and the priority trom the set of modified resources.
values associated with the other UFs. 5 20. The apparatus of claim 19, wherein the one or more

19. An apparatus for a baseband processor of User Equip- processors are to further execute the processing nstructions

to:

ment (UE), comprising:
a computer-readable medium containing processing
instructions; and
One or more processors, to execute the processing mstruc-
tions to:
obtain received power measurements, corresponding to
potential resources that are available for use, by the UE,
as part of autonomous mode Vehicle-to-Vehicle (V2V)
communications;
exclude particular resources from a set ol resources
based on comparisons ol received power, corre-
sponding to the particular resources, to power thresh-
olds, to obtain a modified set of resources, wherein
the excluding includes:
determining a number of resources in the modified
set of resources, and

determine the power thresholds for resources 1n the set of

resources as a function of a priority value of the UE and

10 priority values associated with other UEs that are using
the resources.

21. The apparatus of claim 19, wherein the one or more
processors are to further execute the processing instructions
to:

15 determine, during a sensing window period, a periodicity
of transmissions of other UEs, wherein the excluding of
the particular resources further includes:
additionally excluding resources, from the set of

resources, based on the determined periodicities, to

20 avoid interfering transmissions between the UE and

the other UFE:s.

22. The apparatus of claim 19, wherein the power thresh-

when the determined number of resources is less olds are Reference Signal Received Power (RSRP) thresh-

than a threshold minimum number of resources, olds.
incrementing the power thresholds and reperform- e ow ow %
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